A novel microfluidic interface for vapour-to-liquid adsorption and droplet-to-liquid transfer was designed and fabricated using silicon micromachining. The interface was characterised and successfully tested.
INTRODUCTION

Sample-to-liquid interfacing is required in all pTAS
(micro total analysis systems) systems where chemical analysis of dust or vapour samples is performed in liquid environment. Interfacing micro droplets to liquid was shown previously [I] . The 
DEVICE FUNCTIONALlTY
The interface consists of a micromachined surface over which a constant liquid flow is guided in contact with the surrounding atmosphere (Fig. 1) . The device surface consists of a hexagonal pattern of cylindrical pillars on a silicon substrate.
Liquid flows on the chip surface between the pillars, with surface tension preventing liquid to wet the pillar
tops.
Liquid is added and removed from thc silicon chip via TeflonTM or PDMS fluid connectors with stainless steel tube interfaces. The internal geometry of the connectors is shown in Fig. 1 . They feature a manifold design for evcn filling and draining of the device. The silicon surface is primed capillarily.
The liquid surface forms a condensation sitc for vapour or aerosol sample. Condensation occurs preferably when the interface liquid is cooled, the latter also reducing liquid evaporation.
The capillary forces between the pillars prevent drying and air bubbles entering downstream the interface outlet.
Hydrophobicity and hydrophilicity of the component's surfaces has a huge impact on the performance of the device. Care must be taken of in material choices and device geometry. The fluid connectors being hydrophobic prevents overflow at the connector-chip-air contact line. Vapour, liquid or particles can adsorb to the liquid interfacc. When a flow is maintained, the sample is carried through the device for downstream analysis.
FABRICATION
The silicon surface microstructuring was performed with standard methods including a single-mask design, photo-lithography, DRIE and final dicing,
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The active area width W (=1 cm), length L (=2 cm), pillar diameter d (=20-40 pm), height h (~5 0 -1 0 0 pm) and inter-pillar distance d provides a -2 cm2 interface area for a 10-20 p1 liquid volume.
The silicon chips were clamped between the fluid connectors (TeflonTM or PDMS) and PMMA support using screws.
Tef I on con n ec to rs In our theoretical analysis we model the device surface as n=W/d parallel microcanals of width d and height h and we assumc parallel plate Poiseuille flow (i.e. we neglect the channel bottom).
The viscous flow resistance (pressure drop per flow) for such geometry is Note that the internal liquid pressure drops along the length L of the liquid interface, and that the liquid pressure at the upstream side of the device is always larger than at the downstream side. Two device failure mechanisms exist, shown in Fig. 3 Device flooding (i.e. liquid covering the pillar tops) occurs where the internal liquid pressure Device pinch-off (i.e. drying) and downstream air bubble introduction occur where
The spacing d between the pillars forms a critical design parameter, and its choice is a trade-off. On one hand, eq. 1 shows that the viscous pressure drop increases quadratically with decreasing interpillar spacing. Depending on whether the flow is controlled with a pressure source (c.g. hydrostatically) or with a flow source (e.g. syringe pump), and depending on whether the flow control is upstream or downstream of the device, a large pressure drop over the device can lead to either flooding on the upstream side, or pinch-off at the downstream side. On the other hand, eq. 2 and 3 show that decreasing inter-pillar spacing decreases the pinch-off pressure (there is relatively more wetting surface available, i.e. more capillary action) and increases the overflow robustness. However, these effects scale only linear with d.
The choics of pillar height h is also a trade-off, On one hand, small values of h increase the interface area per liquid volume, and thus the sample concentration in the adsorbing liquid. The decreased flow crosssectional area, on the other hand, increases the viscous pressure drop over the device, and thus the risk for flooding or pinch-off. 
EXPERIMENTAL
The pressure-flow measurement setup with hydrostatic upstream and downstream pressure control is shown in figure 4 . The device was positioned at a fixed height. Inlet and outlet pressure were controlled hydrostatically, while the mass flow was measured with a scale at the outlet. Measurement results are shown in figure 6 . Pinch-off and overflow regimes (Fig. 3) were investigated.
The system was also successfully tested for liquid droplet interfacing. Drops of dye were deposited on the interface surface, and the migration of the coloured liquid studied for flow pattern and residing time/exchange rate in device. The liquid residence time in the interface varied typically between 3 and 10 s depending on the flow rate.
For in-the-field robustness the gravity invariance was tested through varying the positionionentation of the device. We tested the device turned up side down as well as tilted and tilted-turned (Fig. 7) . With device up side down (B) we observed no disturbed functionality.
With the device vertical (C&D) we investigated priming as well as pinch-off, finding only slight performance difference compared to the horizontal position (A). Neither in the tilted position (E) was any significant change in performance detected. A show the orientation of the device for which the P-Q characterisation measurements were carried out. In positions B to E we tested priming and filling as well as pinch-off and dryout, not finding any significant changes in performance.
CONCLUSION
A novel uncomplicated microfluidic interface for vapour-to-liquid adsorption and droplet-to-liquid transfer was designed and fabricated.
Its characteristics fall within the commercially required range, and can easily be modified to accomplish different demands.
